Additional index words. abiotic stress, chlorophyll fluorescence, citrus trees, flood, leaf gas exchange, interstock Abstract. Previous work on citrus trees has shown that an interstock, grafted between the rootstock and scion combination, not only can improve tree growth, longevity, fruit production, and quality, but also can increase salinity tolerance. This research was designed to evaluate flooding responses of 2-year-old 'Verna' lemon trees [Citrus limon (L.) Burm.; VL] either grafted on 'Sour' orange (C. aurantium L.; SO) rootstock without an interstock (VL/SO) or interstocked with 'Valencia' orange (C. sinensis Osbeck;VL/V/SO) or with 'Castellano' orange (C. sinensis Osbeck; VL/C/SO). Well-watered and fertilized trees were grown under greenhouse conditions and half were flooded for 9 days. At the end of the flooded period, leaf water relations, leaf gas exchange, chlorophyll fluorescence parameters, mineral nutrition, organic solutes, and carbohydrate concentrations were measured. Leaf water potential (C w ), relative water content (RWC), net CO 2 assimilation rate (A CO2 ), and stomatal conductance (g S ) were decreased by flooding in all the trees but the greatest decreases occurred in VL/V/SO. The C i /C a (leaf internal CO 2 to ambient CO 2 ratio), F v /F o (potential activity of PSII) and F v /F m (maximum quantum efficiency) ratios were similar in flooded and non-flooded VL/SO and VL/C/SO trees but were decreased in VL/V/SO trees by flooding. Regardless of interstock, flooding increased root calcium (Ca), iron (Fe), copper (Cu), and manganese (Mn) concentration but decreased nitrogen (N) and potassium (K) concentration. Based on the leaf water relations, gas exchange, and chlorophyll parameters, 'Verna' lemon trees interstocked with 'Valencia' orange had the least flooding tolerance. Regardless of interstock, the detrimental effect of flooding in 'Verna' lemon trees was the leaf dehydration which decreased A CO2 as a result of non-stomatal factors. Lowered A CO2 did not decrease the leaf carbohydrate concentration. Flooding decreased root starch in all trees but more so in VL/V/SO trees. Sugars were decreased by flooding in roots of interstocked trees but were increased by flooding in VL/SO roots suggesting that the translocation of carbohydrates from shoots to roots under flooded condition was impaired in interstocked trees.
Spain is the second highest lemon fruitproducing country in the world and the greatest exporter. Approximately 80% of the Spanish lemon production is located in the arid southeast where drought and salinity stress are common. However, very heavy rainfall frequently occurs in spring and fall, which can induce flooding, especially in areas with poorly drained soils (Kijne, 2006) .
Flooding affects soils by altering soil structure, depleting O 2 , accumulating CO 2 , inducing anaerobic decomposition of organic matter, and reducing Fe and Mn (Kozlowski, 1997) . The main direct effect of flooding stress is the limiting availability of oxygen to the roots resulting from different chemical and biochemical reactions (Domingo et al., 2002; Kozlowski, 1997) . Such changes can cause citrus trees to respond to flooding by reducing leaf water potential and g S (Islam et al., 2003; Li et al., 2007; Ru ız-Sánchez et al., 1996) . When flooding is prolonged, the A CO2 can also be reduced (Vu and Yelenosky, 1991) . A decrease in root hydraulic conductivity could account for decreased water uptake (Ru ız-Sánchez et al., 1996) , decreased growth, leaf wilting, and chlorosis (Yelenoski et al., 1995) . Root growth typically is reduced by flooding more than shoot growth (Kozlowski, 1997) .
The timing of the physiological changes that take place under flooding conditions can also depend on plant size and age (Kozlowski, 1997) . In potted 2-year-old 'Verna' lemon trees, Ortuño et al. (2007) observed that leaf water relations were drastically affected after 3 d under flooding conditions but Garc ıa-Sánchez et al. (2007) reported that leaf water relations were unaffected during a flooding period of 9 d in 6-month-old seedlings of 'Carrizo' citrange. Interactions among morphological, anatomical, and physiological factors are very important in plants subjected to flooding (Kozlowski, 1997) . Factors influencing tolerance to flooding can include reopening of stomata after soil flooding, rapid recovery of leaf water potential (Li et al., 2004) , and an independence of A CO2 and g S during flooding (Fernández et al., 1999) enabling the maintenance of high photosynthetic rates during flooding (Nabben et al., 1999) . Under flooding conditions, an energy shortage can occur so remobilization of stored carbohydrates can play a vital role in providing energy needed for cell and organ maintenance as well as for stress responses (Greenway and Gibbs, 2003) . For example, anoxia-tolerant plants like rice are able to degrade starch under low O 2 conditions (Dixon et al., 2006; Magneschi and Perata, 2009) .
Increased superoxide dismutase activity and elevated catalase action can also play an important role in keeping the concentration of reactive oxygen species low under flooded conditions (Hossain et al., 2009) . Citrus trees are considered to be flooding-sensitive because citrus does not possess many physiological or anatomical adaptations to flooding, but important differences in tolerance among citrus genotypes have been reported (Arbona et al., 2008) . The rootstocks 'Cleopatra' mandarin and citrus Macrophylla are floodingsensitive when compared with SO, 'Citrumelo' swingle, and 'Carrizo' citrange (Agusti et al., 2003; Ru ız-Sánchez et al., 1996; Yelenoski et al., 1995) . Arbona et al. (2008) tested all of these rootstocks under flooded conditions and observed that the rootstocks considered floodtolerant had higher antioxidant defences than those considered to be flood-sensitive.
Citrus tolerance to the abiotic stresses can depend on several factors including type of rootstock, N fertilization, soil, and climate conditions (Garc ıa-Sánchez and Syvertsen, 2009; Gimeno et al., 2009a; Saleh et al., 2008) . In addition, an interstock, grafted between the rootstock and scion combination, not only can improve tree growth, longevity, fruit production, and quality (GilIzquierdo et al., 2004) , but also can increase salinity tolerance (Gimeno et al., 2009b) . The mechanisms related to this higher salt tolerance were that the interstock limited the uptake and transport of Cl -to the shoots by decreasing both the shoot-to-root ratio and leaf transpiration. 'Verna' lemon trees on SO rootstock interstocked with 'Valencia' orange or 'Castellano' orange not only had an improvement in salt tolerance, but also showed that the citrus variety used as the interstock determined the level of salt tolerance (Gimeno et al., 2009b) . Effects of an interstock in citrus trees under other abiotic stresses have not been studied. The objective of this experiment was to test the hypothesis that flooding tolerance in citrus trees could be improved by interstocks. We explored the physiological, nutritional, and biochemical responses to flooding of 'Verna' lemon trees on SO rootstock relative to trees that were interstocked with two different orange varieties.
Materials and Methods
Trees and growth condition. Two-yearold 'Verna' lemon trees [Citrus limon (L.) Burm.] grafted on SO (C. aurantium L.) without an interstock (VL/SO) or interstocked with 'Valencia' orange (C. sinensis Osbeck; VL/V/SO) or 'Castellano' orange (C. sinensis; VL/C/SO) were compared in this experiment. Trees were grown in 25-L pots filled with native clay-loam soil in a greenhouse under maximum photosynthetically active radiation (PAR) of 1000 mmolÁm -2 Ás -1 , day/night temperature of 35/ 18 ± 3°C, a day/night relative humidity of 55/75% ± 5%, and a 16-h photoperiod. The experimental design was a two · three factorial of two irrigation treatments (nonflooded and flooded) · three rootstocks (VL/SO, VL/V/SO, VL/C/SO) with six replicate trees in each treatment.
All trees were irrigated using a drip system and a complete nutrient solution of 7. Water relations. To assess plant water status, Y w , osmotic potential (Y p ), turgor potential (Y P ), and RWC were measured using a single mature leaf in the midstem region of each of the six replicate trees. Pre-dawn (0500-0700 HR) Y w was measured at the end of the experiment (Day 9) using a pressure chamber (Turner, 1988) . After Y w was measured, leaves were immediately wrapped tightly in aluminum foil, frozen by immersing in liquid N, and subsequently stored in airtight plastic bags at -18°C. After thawing, Y p of the expressed sap was measured at 25 ± 1°C with an osmometer measuring the freezing point (Digital Osmometer; Roebling, Berlin, Germany) and the Van't Hoff equation: (Nobel, 1991) . Y P was calculated as the differences between Y w and Y p . Leaf RWC at midday was measured using adjacent leaves, which were immediately weighed to obtain a leaf fresh weight (M f ) and placed in a beaker with their petioles submerged in water overnight in the dark so leaves could become fully hydrated. Leaves were reweighed to obtain turgid mass (M t ) and dried at 80°C for 24 h to obtain dry mass (M d (Morgan, 1984) . Leaf y S at full turgor (Y p 100 ) was also measured on one similar leaf per tree after full hydration overnight as described previously. Fully turgid leaves were then frozen in liquid N, and Y p 100 was measured as Y p .
Leaf gas exchange and chlorophyll fluorescence. Net assimilation of CO 2 (A CO2 ), leaf transpiration (E), g S , intercellular CO 2 concentration (C i ), and instantaneous leaf water use efficiency (WUE =A CO2 /E) were measured at the end of the experiment using a portable photosynthesis system (Model LCA-4; ADC Bioscientific Ltd., Hoddesdon, U.K.) and a leaf chamber PLC-4N (11.35 cm 2 ) configured in an open system. All gas exchange measurements were made in the morning from 0800 to 1000 HR to avoid high temperatures and low humidity in the afternoon. During all measurements, PAR exceeded 800 mmolÁm
, which is sufficient to saturate A CO2 citrus leaves (Syvertsen, 1984) ; leaf temperature was 30 ± 2°C and leaf-to-air vapor pressure difference was 2.4 ± 0.4 kPa within the cuvette.
Chlorophyll fluorescence parameters were also measured at the end of the experiment with a pulse-modulated fluorometer (Model OS1-Fl; Opti-Sciences, Tyngsboro, MA) on the same leaves used for the of gas exchange measurements. Fluorescence measurements were made after 20 min of darkness under light exclusion leaf clips (FL-DC; OptiSciences). The maximum quantum efficiency
where F m and F 0 were maximal and minimal fluorescence measured in darkadapted leaves, respectively (Maxwell and Johnson, 2000) .
Growth and leaf and root nutrient concentrations. At the end of the experiment, trees were harvested and separated into leaves, stems, and roots. Tissues were briefly rinsed with deionized water, ovendried at 60°C for at least 48 h, weighed, and ground through a sieve with a pore size of 0.5 mm. Tissue N concentration was measured using a Thermo-Finnigan 1112 EA elemental analyzer (Thermo-Finnigan, Milan, Italy Proline and quaternary ammonium compounds. At the end of the experiment, proline was extracted from 0.5 g of fresh leaf and root tissues with sulphosalicilic acid (3%) and quantified according to the protocol described by Bates et al. (1973) . Quaternary ammonium compounds (QAC) were also extracted from fresh tissues with 1 M H 2 SO 4 and quantified using the method described by Grieve and Grattan (1983) . Proline and QAC concentrations were expressed in units of mgÁmg -1 dry weight. Carbohydrate determination. Carbohydrate concentrations in leaf and root tissues were analyzed at the end of the flooding stress period. Carbohydrates were extracted from 0.5 g of fresh tissue using 80% ethanol and constantly stirring for 4 h at 17-24°C. A sulfuric acid assay with anthrone reagent was used to measure total soluble carbohydrates in solution (Hodge and Hofreiter, 1962) . Concentration of reducing sugars was determined according to the Nelson-Somogyi method (Nelson, 1944; Somogyi, 1952) . Starch concentrations were determined after centrifugation (at 1000 g) and extraction of the pellet with MES solution and gelatinization with heat-stable alpha amylase in a 92-93°C water bath for 1 h (Haissig and Dickson, 1979) . Both soluble sugar and starch were quantified using glucose as the standard.
Statistical analysis. Data were subjected to a two-way analysis of variance (SPSS, Chicago, IL) with three rootstocks · two flooding treatments and six replicate trees or leaves per treatment. When the interaction terms were significant (P < 0.05), treatment means were separated using Duncan's multiple range test. When an interaction term was not significant and main factors (rootstock and/or flooding treatments) were significant, Duncan's multiple range test was run to Received for publication 4 Nov. 2011. Accepted for publication 10 Jan. 2012. Funding for this research came from the Ministry of Education and Science, Government of Spain (Project Plan National AGL2007-65437-C04-02/AGR; AGL2011-24795). V. Gimeno was a PhD student supported by the Fundación Seneca (Región de Murcia).
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Results
Growth parameters. 'Verna' lemon trees grafted on VL/V/SO had the highest total plant dry weight (Table 1) . This was attributable mainly to the greater root and stem dry weight in VL/V/SO than in VL/SO and VL/C/SO. The flooding treatment did not affect growth but at the end of 9 d of flooding, wilting leaves were observed with more severe symptoms in flooded VL/V/SO trees.
Water relation parameters. Leaves from non-flooded trees of VL/SO, VL/V/SO, and VL/C/SO had similar high values of Y w (Fig.  1) . At the end of the experimental period, Y w of flood-stressed plants was decreased in all trees but the greatest reduction was in VL/V/ SO trees, -3.1 MPa vs. -1.75 and -1.52 MPa for VL/SO and VL/C/SO, respectively. Flooding also decreased Y p the most in VL/ V/SO trees. Leaf turgor potential was decreased by flooding but interstock had no effect on Y P. Leaf RWC was lower in flooded than non-flooded trees and this reduction was greater in VL/V/SO trees (32.6%) than for either VL/C/SO and VL/SO (both 6.8%; Fig.  2 ). Leaf y S at full turgor Y p 100 was unaffected by flooding.
Gas exchange and fluorescence parameters. In the non-flooded treatment, the interstocked trees had a greater leaf WUE than VL/SO trees as a consequence of a higher A CO2 (Fig.  3) and lower E leaf (data not shown). Because g S was calculated from E leaf , they were closely related (E leaf = 16.12 g S + 0.4155 r 2 = 0.9 ***). Flooding reduced A CO2 and g S compared with non-flooded plants and this reduction was greater for VL/V/SO (71% and 63% for A CO2 and g S , respectively) than for VL/C/SO (36% and 29%) and VL/SO (21% and 31%). Flooding increased C i /C a in interstocked trees (VL/C/SO was not significant) but not in VL/SO trees and F v /F m and F v /F 0 were only significantly decreased by flooding in VL/V/SO.
Leaf and root solutes concentration. Leaf proline was increased (184%) and root proline was decreased (92%) by flooding in VL/ V/SO trees but proline was not significantly affected in VL/C/SO and VL/SO trees (Fig.  4) . Leaf QAC concentration was increased and QAC was decreased in roots by the flooding treatment regardless of interstock treatment. Flooding increased leaf total soluble sugars in VL/SO (64%) but decreased total soluble sugars in VL/C/SO (28%; Table  2 ). Leaf reducing sugar and leaf starch concentrations were increased by flooding in interstocked trees but not in VL/SO. In the roots, total soluble sugars and reducing sugars were decreased by flooding in interstocked trees but both were increased by flooding in VL/SO. Flooding decreased root starch in all trees but more so in VL/V/SO trees.
Ion concentration in leaves and roots. Leaf macronutrients (Ca, K, Mg, P, and N; Table 3 ) and micronutrients in leaves (Cu, Fe, Mn, and Zn; Table 4) were unaffected by the 9-d flooding treatment. However, flooding increased Ca in the roots and decreased N and K regardless of interstock. Root P concentration was significantly reduced 64.7% by flooding in VL/V/SO (Table 3 ). In roots, Cu, Fe, and Mn were increased by flooding but Zn was unaffected regardless of interstock (Table 4) .
Discussion
Leaf water relations, gas exchange, and chlorophyll fluorescence. Based on leaf water relations, leaf gas exchange, and chlorophyll fluorescence parameters (Figs. 1 to 3) , interstocked 'Verna' lemon trees on SO did not improve the flooding tolerance relative to VL/ SO trees. In addition, VL/V/SO trees were less flood-tolerant than VL/C/SO trees. Thus, we could not support our original hypothesis about interstocks improving flooding tolerance. Overall, citrus trees lack specific morphological mechanisms to cope with flooding that are found in flood-tolerant plant species (Glenz et al., 2006) . Nonetheless, some citrus rootstocks have physiological mechanisms to tolerate flooding more than others such as the ability to scavenge active oxygen species (Arbona et al., 2008) and to regulate stomatal response to prevent leaf dehydration . In our study, however, 'Verna' lemon trees did not show any adaptive mechanism to cope with flooding stress. Thus, the lower flood tolerance of VL/V/SO was the result of the detrimental effects of flooding rather than any adaptive mechanisms in VL/ SO and VL/C/SO trees. The presence of the 'Valencia' orange cultivar as an interstock in 'Verna' lemon trees changed biomass distribution as shown in Table 1 , because these trees had the highest stem and root dry weight (186 and 86 g, respectively). The greater root biomass of VL/V/SO probably placed a greater demand on oxygen transfer to the root system during flooding than VL/SO and VL/C/SO so VL/V/SO trees could have depleted O 2 concentration in the flooded soil more rapidly than the other trees (Kozlowski, 1997) .
Flooded 'Verna' lemon trees, regardless of interstocked or non-interstocked trees, had leaf water relation responses similar to other flooding-sensitive species (Striker et al., 2007) . Leaf water potential was decreased by flooding as a consequence of decreasing Y P . This fact together with the decrease of the leaf RWC in flooded trees indicated that flooded 'Verna' lemon trees had a reduced ability to take up water. Flooding limits the ability of citrus roots to take up water as a result of a reduction in root hydraulic conductance (Rodr ıguez-Gamir et al., 2011; Syvertsen et al., 1983) .
Although reduced g S is a common response to soil oxygen depletion caused by flooding, the cause of this effect remains Table 1 . Dry weight of total plant, leaves, stem, and root of 'Verna' lemon (VL) trees grafted on 'Sour' orange (SO) rootstock without an interstock (VL/SO) or interstocked with 'Valencia' orange (VL/V/ SO) or with 'Castellano' orange (VL/C/SO), regardless of flooding treatment. * and *** indicate significant differences at P < 0.05 and 0.001, respectively. Means followed by different letters are significantly different (P < 0.05) according to Duncan's multiple range tests. dw = dry weight. Bars represent means ± SE (n = 6). *, **, and *** indicate significant differences at P < 0.05, 0.01, and 0.001, respectively. NS indicates nonsignificant differences. When analysis of variance two-way was significant, means of the treatments was separated by Duncan's multiple range test.
obscure because hydraulic and/or hormonal mechanisms could also be involved (Else et al., 1996; Horchani et al., 2010; Naumann et al., 2008) . In our experiment, the parallel decreases in Y w , Y p , RWC, and g S point out that the partial stomatal closure was the result of the leaf water deficit, which caused a loss of turgor. Flooding also decreased A CO2 most in VL/V/SO. The positive relationship between A CO2 and g S could implicate g S in limiting A CO2 but because C i /C a values were not decreased by flooding in VL/SO and VL/ C/SO trees, a non-stomatal factor must have decreased A CO2 (Farquhar and Sharkey, 1982) . Flexas et al. (2004) (Pereira et al., 2000) , which has been linked to a short-term rather chronic photoinhibition (Dias and Marenco, 2006) . Nutritional responses to flooding conditions. Macro-and micronutrients in leaves were unaffected by the 9 d of flooding. In the roots, however, the flooding increased Fe, Mn, Cu, and Ca and decreased K, N, and P. Because this short-term flooding did not affect plant growth (data not shown), alterations in root mineral nutrition were probably the result of changes in the chemical composition of soil and/or disruption of nutrient uptake. The high concentrations of Fe, Cu, and Mn in flooded roots were likely the result of the greater availability of these elements in the soil as a consequence of the fact that these elements are used as electron acceptors through respiration by roots, soil microbes, and soil organisms increasing their mobility in the soil (Waldren et al., 1987) . In the case of N, flooding can decrease N content in the plants as a result of N leaching from the soil (Unger et al., 2010) . Because our short-term experiment was carried out in a closed system, N depletion in the roots was more likely the result of decreased nitrate uptake by roots from lowered energy-dependent processes from anoxia, which demand a supply of adenosine-5#-triphosphate (Zubay, 1993) . Calcium uptake by the roots, however, is passive and does not require energy, but Ca transport to aerial parts of the plant depends on the transpiration stream (Gilliham et al., 2011) , which was reduced by flooding. Flooding has little direct effect on K availability in the soil, but K uptake was limited as root K concentration was reduced by flooding. Anoxia from soil flooding also can lead to the formation of phytotoxic components such as hydrogen sulfide and to the solubilization of aluminum-containing minerals in acid soil that may in turn decrease the uptake of essential nutrients (Rengel, 1992) .
Proline and quaternary ammonium compounds. The accumulation of proline Fig. 2 . Leaf osmotic potential (y S ) at full turgor (Y p 100 ) and leaf relative water content (RWC) in flooded and non-flooded 'Verna' lemon (VL) trees grafted on 'Sour' orange (SO) rootstock, either without an interstock (VL/SO) or interstocked with 'Valencia' orange (VL/V/SO) or with 'Castellano' orange (VL/C/SO). Bars represent means ± SE (n = 6). *, **, and *** indicate significant differences at P < 0.05, 0.01 and 0.001, respectively. NS indicates nonsignificant differences. When analysis of variance two-way was significant, means of the treatments was separated Duncan's multiple range test. Fig. 3 . Net assimilation of CO 2 (A CO2 ), stomatal conductance (g S ), instantaneous leaf water use efficiency (WUE = A CO2 /leaf transpiration), CO 2 ambient concentration: CO 2 substomatal concentration ratio (C i /C a ), maximum quantum yield (F v /F m ), and potential activity of photosystem II (F v /F o ) in flooded and non-flooded 'Verna' lemon (VL) trees grafted on 'Sour' orange (SO) rootstock, either without an interstock (VL/SO) or interstocked with 'Valencia' orange (VL/V/SO) or with 'Castellano' orange (VL/C/SO). Bars represent means ± SE (n = 6). *, **, and *** indicate significant differences at P < 0.05, 0.01 and 0.001, respectively. NS indicates nonsignificant differences. When analysis of variance two-way was significant, means of the treatments was separated according to Duncan's multiple range test.
and QAC in many plants represents a general response to abiotic stresses (Yin et al., 2005) . In our experiment, leaf proline concentration was increased by flooding but only in those trees in which the greatest leaf dehydration occurred (in VL/V/SO). This supports the idea that citrus leaf dehydration can increase the synthesis of proline . However, because there was no correlation between leaf proline concentration and Y p 100 , the accumulation of proline was not sufficient to contribute to any osmotic adjustment. The QACs were also increased by flooding in all trees, but this increase was also not related osmotic adjustment. In citrus, the main QAC is the proline betaine (Nolte et al., 1997) , which also can be increased when citrus trees suffer drought stress . Parallel to the increase in leaf proline and QAC, a decrease in the root proline and QAC concentrations occurred. This could have been the result of either the degradation of organic solutes during flooding or that these compounds were transported from roots to shoots. The combined total content of proline and QAC in the shoots and roots increased less than the decrease in the roots supporting the idea that the decrease of root organic solute concentration could have been the result of their degradation during flooding.
Effect of flooding on carbohydrate. Nonstructural carbohydrate concentrations were affected by flooding differently in interstocked and non-interstocked trees. Flooding increased the concentration of carbohydrate in leaves by increasing the soluble sugar in VL/SO and by increasing the starch in VL/V/ SO and VL/C/SO. In roots, the carbohydrate concentration was decreased in flooded interstocked trees. A switch from aerobic to anaerobic metabolism requires a larger sugar pool to support fermentative metabolism (Medina et al., 2009 ). However, in VL/SO, there was a decrease in the starch but the soluble sugar was increased. This could indicate that detrimental effects of flooding in carbohydrate metabolism occurred earlier in interstocked trees than in non-interstocked trees in which the soluble sugar degradation has not started yet to support fermentative metabolism.
In summary, although interstocks in citrus trees can improve the salt tolerance, 'Verna' lemon trees interstocked with orange varieties did not improve the flooding tolerance. When 'Valencia' orange was used as the interstock, the flooding tolerance was drastically reduced. Thus, the use of interstocked trees should be viewed with caution in areas that are subject to flooding. Nutritional responses to flooding occurred in roots as Fe, Cu, Mn, and Ca increased, whereas N P, K decreased. The detrimental effect of flooding in 'Verna' lemon trees was the result of leaf dehydration, which caused a decrease in A CO2 through nonstomatal factors. The most severe leaf dehydration occurred in VL/V/SO trees in which leaf chlorophyll fluorescence showed damage to the photosynthetic machinery. Lowered A CO2 did not decrease the leaf carbohydrate concentration. Flooding decreased root starch in all trees but more so in VL/V/SO trees. Sugars were decreased by flooding in roots of interstocked trees but were increased by flooding in VL/SO roots suggesting that the translocation of carbohydrates from shoots to roots under flooded condition was impaired in interstocked trees. Bars represent means ± SE (n = 6). *, **, and *** indicate significant differences at P < 0.05, 0.01, and 0.001, respectively. NS indicates nonsignificant differences. When analysis of variance two-way was significant, means of the treatments was separated according to Duncan's multiple range test. Rootstock (R) *** *** *** Flooding (F) * NS *** R · F ** *** *** Values are the mean of six samples (± SE). *, **, and *** indicate significant differences at P < 0.05, 0.01, and 0.001, respectively. NS = nonsignificant differences. Means followed by different letters are significantly different (P < 0.05) according to Duncan's multiple range tests. dw = dry weight. , P, and N in the leaves and roots of flooded and non-flooded 'Verna' lemon (VL) trees grafted on 'Sour' orange (SO) rootstock, either without an interstock (VL/ SO) or interstocked with 'Valencia' orange (VL/V/SO) or with 'Castellano' orange (VL/C/SO). *, **, and *** indicate significant differences at P < 0.05, 0.01, and 0.001, respectively. NS = nonsignificant differences. Means followed by different letters are significantly different (P < 0.05) according to Duncan's multiple range tests. Ca = calcium; K = potassium; Mg = magnesium; P = phosphorus; N = nitrogen. Non-flooded 5.2 ± 0.9 50.2 ± 7.7 13.5 ± 1.7 11.7 ± 1.7 Flooded 5.6 ± 0.7 57.7 ± 5. 
